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(57) ABSTRACT 

Aphase delay arrangement for connecting high speed digital 
ICs, Wherein a substantial majority of delay is provided via 
added passive delay elements. The phase synchronization 
delay arrangement (circuit connection, system and method) 
adds delay to the signal propagation path betWeen a driving 
circuit 110 and receiving circuit 130, in order to match signal 
propagation betWeen a transmitting/receiving circuit pair. 
Such phase synchronization delay arrangement is provided 
substantially by added passive components or devices, e.g., 
added signal line length, inductors, capacitors, Which pro 
vide a majority or mainstay of the delay, but can further 
include single ones of ?oW-through latches, drivers, and 
programmable delay lines. 

26 Claims, 5 Drawing Sheets 
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CONNECTION, SYSTEM AND METHOD OF 
PHASE DELAYED SYNCHRONIZATION IN 
HIGH SPEED DIGITAL SYSTEMS USING 

DELAY ELEMENTS 

TECHNICAL FIELD 

The present invention generally relates to a connection, 
system and method of phase delayed synchronization in high 
speed digital systems using delay elements, and more par 
ticularly relates to a phase delay arrangement Wherein a 
substantial majority of delay is provided via added passive 
delay elements. 

BACKGROUND DISCUSSION 

In FIG. 1, there is illustrated a high speed digital system 
100 including a driving circuit 110 receiving a signal SIG 
and outputting a processed such signal to a receiving circuit 
130 via an existing connection circuit 120 and connectors C, 
such driving circuit 110 and receiving circuit 130 being 
driven by a common clock signal CLK provided along a 
clock line 140. The driving circuit 110 and receiving circuit 
130 can be any type of driving and receiving circuit. The 
components Within the driving circuit 110 and receiving 
circuit 130 (e.g., both Which may be implemented via IC 
chips) are manufactured to have sub-micron dimensions and 
micron spacings betWeen such components, and 
accordingly, signal propagation time from one internal IC 
element to another internal IC element is substantially 
negligible. As a result, the internal IC circuits operate at 
extremely high speeds, e.g., server chips sets typically noW 
operate With internal clock speeds of 100 MHZ or faster. The 
present invention arises from the problem that external 
component spacings outside of the ICs (e.g., spacing 
betWeen IC chips) are not matching the component spacings 
Within ICs making it dif?cult if not impossible to manage 
synchroniZation With respect to doWnstream signals. 
More particularly, in contrast to the internal environment 

of the ICs, in the FIG. 1 environment external to the ICs, 
there are physical limitations as to hoW closely spaced a 
driving circuit 110 and a receiving circuit 130 can be placed. 
More speci?cally, in this age of complex, highly dense 
systems having a plurality of interconnected printed circuit 
boards (PCBs) having several tens/hundreds of IC chips, a 
tremendous number of interconnection lines, numerous con 
nectors and several hundreds/thousands of supporting com 
ponents (e.g., resistors, capacitors, inductors, etc.), often a 
driving circuit 110 and a receiving circuit 130 are physically 
limited to be spaced at a substantial distance D (e.g., ten to 
?fteen inches) from one another. Resultant signal propaga 
tion along the substantial distance D, and especially through 
connectors C and any existing circuit 120 may cause a 
propagating signal not to meet a setup time of the receiving 
circuit 130, i.e., cause a synchroniZation mismatch betWeen 
the driving/receiving circuits. 
More speci?cally, assuming that the signal SIG is pro 

cessed and output by the driving circuit 110 at a time t=0 
(FIG. 2) coincident With a ?rst clock pulse 242 of a 100 MHZ 
(i.e., megahertZ) clock having 10 ns (i.e., nanoseconds) 
clock periods, and does not arrive at the receiving circuit 
input until 13 ns later, such signal cannot be input into the 
receiving circuit 130 upon occurrence of the second clock 
pulse 244, i.e., it arrives too late at the receiving circuit. As 
a further problem, it is unlikely that such output signal Will 
remain prevalent (i.e., valid) at an input to the receiving 
circuit 130 for another 6—7 nS so as to be available for 
capturing by the receiving circuit 130 upon occurrence of a 
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2 
third clock pulse 246. Accordingly, a WindoW of availability 
of the propagated output signal at the receiving circuit 130’s 
input does not match a predetermined setup time WindoW 
required by the receiving circuit 130. A ?rst method to deal 
With such signal propagation mismatch is to repeatedly 
rearrange IC’s Within a complex system (i.e., redesign) in an 
attempt to minimiZe IC-to-IC distances, but such method is 
limited because eventually physical spacing limitations are 
reached. 
A second method of dealing With signal propagation 

mismatch is to utiliZe a multi-stage synchronous system 
such as that shoWn in FIG. 3 in order to synchronously 
control intermittent propagation timing of the output signal 
from the driving circuit 110 to the receiving circuit 130. 
More particularly, the FIG. 3 system 300 includes a multi 
stage synchronous system 350 including a plurality of 
edge-triggered ?ip ?ops 360, 360+n (Where n is an integer, 
e.g., 3—5), Which ?ip ?ops 360, 360+n are clocked utiliZing 
the common clock signal CLK along the clock signal line 
140‘. More speci?cally, the edge-triggered ?ip ?ops are 
utiliZed to control intermittent propagation of the output 
signal in its travel from the driving circuit 110 to the 
receiving circuit 130 so as to adjust a signal availability 
WindoW at an input to the receiving circuit 130 to match an 
input timing requirement of the receiving circuit 130, i.e., to 
arrive at the input of the receiving circuit 130 at 19 nS Which 
is immediately before the third clock pulse 246 occurring at 
20 nS from the time t=0 as shoWn in FIG. 2. Accordingly, 
although the original propagated output signal cannot be 
available for the second clock pulse 244, such propagated 
output signal can be adjusted in time to be available for the 
third clock pulse 246. 
The problems With the FIG. 3 multi-stage synchronous 

arrangement are numerous. More speci?cally, ?rst, addi 
tional components are required to be added to the system 
300, thus drastically increasing a croWding density and 
complexity of the system. For example, if there are 32 data 
bit output lines betWeen a driving circuit 110 and a receiving 
circuit 130, and if tWo edge-triggered ?ip ?ops are required 
for each data line, then, 64 additional ?ip ?ops, clock lines 
and ?ip-?op poWer connections (Vcc and ground connec 
tions; not shoWn) Would have to be provided betWeen a 
single driving-circuit/receiving-circuit pair. If a compound 
number of driving/receiving circuit pairs exist Within a 
system, a number of required additional components is 
compounded even more. Such numbers drastically increase 
a complexity of designing such a system 400, and often, 
multi-layered printed circuit boards (PCBc) are required to 
accommodate the tremendous number of conduction lines 
required. Further, since the ?ip-?ops are active components, 
a poWer consumption and heat generation of the system is 
increased. 

Both the redesigning approach and multi-stage synchro 
nous arrangement represent a substantial time and money 
investment, and both degrade a time to market (TTM) 
introduction and availability neW systems. As semiconduc 
tor manufacturing technology progresses to alloW smaller 
and more closely spaced semiconductor elements Within an 
integrated circuit (IC), the internal operating clock speeds of 
such ICs Will continue to increase dramatically. As internal 
IC operating speeds become faster and faster, propagation 
problems caused by external spacing limitations Will 
become more and more of a problem. 

SUMMARY 

The present invention is related to theory and method of 
phase delayed synchroniZation in high speed digital systems. 
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More particularly, the present invention relates to a circuit 
connection including: a phase delay synchroniZer adapted to 
connect tWo digital circuits and provide phase delay syn 
chroniZation betWeen the digital circuits in order to make a 
propagating output signal from a transmitting one of the 
digital circuits meet a predetermined valid data input timing 
requirement of a receiving one of the digital circuits, 
Wherein delay is provided substantially by at least one 
passive delay element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and a better understanding of the present 
invention Will become apparent from the folloWing detailed 
description of example embodiments and the claims When 
read in connection With the accompanying draWings, all 
forming a part of the disclosure hereof this invention. While 
the foregoing and folloWing Written and illustrated disclo 
sure focuses on disclosing example embodiments of the 
invention, it should be clearly understood that the same is by 
Way of illustration and example only and is not to be taken 
by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

The folloWing represents brief description of the 
draWings, Wherein: 

FIG. 1 is a block diagram illustration of a high speed 
digital system for background discussions; 

FIG. 2 is a clock signal Waveform used for description of 
the FIG. 1 and FIG. 3 embodiments; 

FIG. 3 is another example of a high speed digital system 
for background discussions; 

FIG. 4 is an example block diagram of a high speed digital 
system of the present invention, including an example phase 
synchroniZation delay arrangement of the present invention; 

FIGS. 5—7 are example printed circuit board layouts of the 
FIG. 4 embodiment, including various example phase syn 
chroniZation delay arrangements according to the present 
invention; 

FIG. 8 is another example embodiment including another 
example alternative phase delay synchroniZation arrange 
ment of the present invention; 

FIG. 9 is still another example embodiment having 
another example phase synchroniZation delay arrangement 
of the present invention; 

FIG. 10 is an example truth table for an example Write 
latch of FIG. 9; 

FIGS. 11—12 are example clock and signal timing dia 
grams used for explanation of the operation of the FIG. 9 
latched embodiment and/or for comparison With a disadvan 
tageous register arrangement; 

FIG. 13 is another example embodiment including 
another example phase delay synchroniZation arrangement 
of the present invention; 

FIG. 14 is an example printed circuit layout of the FIG. 13 
and 15 embodiments; and 

FIG. 15 is another example embodiment having still 
another example phase synchroniZation delay arrangement 
of the present invention. 

DETAILED DESCRIPTION 

Before beginning a detailed description of example 
embodiments of the subject invention, mention of the fol 
loWing is in order. When appropriate, like reference numer 
als and characters are used to designate identical, corre 
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4 
sponding or similar components in differing ?gure draWings. 
Further, in the detailed description to folloW, example siZes/ 
models/values/ranges are given, although the present inven 
tion is not limited to the same. Still further, the clock and 
timing signal Figs. are not draWn to scale, and instead, 
example and critical time values are mentioned When appro 
priate. Finally, poWer connections to ICs and other compo 
nents Within the Figs. are not shoWn for simplicity of 
illustration and discussion. 

Turning noW to detailed description, FIG. 4 is a block 
diagram of an example high speed (e.g., greater than or 
equal to 100 M2) digital system of the present invention, 
including the phase synchroniZation delay arrangement of 
the present invention. More particularly, shoWn is a system 
400 including the similar components as FIG. 1, With an 
addition of a phase synchroniZation delay arrangement 490. 
That is, While a trend in the art Was to attempt to minimiZe 
distances betWeen ICs or use a multi-stage synchronous 
arrangement, the present invention takes an opposing 
approach of increasing an effective signal propagation dis 
tance betWeen ICs, i.e., adds delay to the signal propagation 
path betWeen the driving circuit 110 and receiving circuit 
130 in order to provide phase delayed synchroniZation such 
that doWnstream signal management is improved. Without 
phase delayed synchronization, doWnstream signal manage 
ment may not be possible due to difficult or impossible 
management of valid data input timing requirements such as 
setup and hold times. In a ?rst example embodiment of the 
invention, such phase synchroniZation delay arrangement 
490 may be provided substantially by added passive com 
ponents or devices, e.g., added signal line length, inductors, 
capacitors. 
More speci?cally, FIGS. 5—7 are example printed circuit 

board (PCB) layouts of the FIG. 4 embodiment, including 
example passive phase synchroniZation delay arrangements 
according to the present invention. The FIGS. 5—7 (and FIG. 
14) example PCBs are shoWn in simplistic form for clarity 
of illustration; hoWever, it should be understood that in 
actual practice such PCB Would be a multi-PCB intercon 
nected arrangement having an extremely complex system 
having a layout and components Which dictate the closeness 
spacing betWeen driving/receiving IC pairs. In FIG. 5, there 
is shoWn a PCB 500, including the IC driving circuit 110, the 
IC receiving circuit 130, a connector 502, and a phase delay 
synchroniZation arrangement 490‘. The connector 502 is 
representative of a PCB component Which intervenes and 
prevents the IC driving circuit 110 and IC receiving circuit 
130 from being placed any closer together. Further illus 
trated in FIG. 5 for comparison purposes With the embodi 
ment of the present invention, is an arrangement analogous 
to the FIG. 3 arrangement. More particularly, the phantom 
connection line 501 is illustrative of an example layout 
Where a signal propagation path betWeen the ICs is 
attempted to be minimiZed, taking into consideration inter 
vening components such as the connector 502, and block 
350 is a multi-stage synchronous system including a plural 
ity of ?ip-?ops. Such phantom connection line 501 and 
multi-stage synchronous system 350, hoWever, is disadvan 
tageous in that it results in a signal propagation delay 
synchroniZation mismatch and/or circuit complexity like 
that discussed above With respect to FIG. 1 or FIG. 3. 

In contrast, the example phase delay synchroniZation or 
actual connection line 490‘ of the present invention goes 
against the trend of minimiZing signal propagation paths, 
and instead adds propagation path (i.e., PCB conduction 
line) length so as to signal propagation match (phase delay 
synchroniZe) the IC driving circuit 110 and IC receiving 
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circuit 130, i.e., adjusts signal propagation such that a signal 
arrival and availability of the signal at a receiving circuit 
input matches valid data timing input requirements of the 
receiving circuit. More particularly, adding of PCB conduc 
tion line length as a phase delay synchronization arrange 
ment is advantageous in a number of regards. 

First, there is no longer a need to minimize PCB spacing 
distances betWeen driving/receiving circuit pairs, and 
accordingly, design of complex systems becomes easier as 
there is more freedom to move sending/receiving compo 
nents apart to greater separation distances. Second, since 
there is a direct correlation betWeen PCB conduction line 
length verses delay (e.g., 12 inches of PCB conduction line 
length z2 ns of phase synchroniZation delay), design of 
complex systems becomes further easier. Third, since great 
numbers of further components (such as the tremendous 
number of ?ip-?ops of the FIG. 3 multi-stage synchronous 
arrangement) and their corresponding clock lines and poWer 
connection lines are avoided, the system is less complex and 
it is less likely that multi-layer PCBs Will be required. 
Fourth, since the added PCB conduction line length used as 
a phase delay synchroniZation arrangement is a passive 
component itself requiring no separate poWer connection, 
clocking or sWitching connection, less poWer is used (in 
comparison to complex arrangements such as FIG. 3 utiliZ 
ing a tremendous number of active devices or components). 

With regard to the example con?guration of the added 
PCB conduction line lengths as phase delay synchroniZation 
arrangements, several notes are in order. More particularly, 
straight PCB conduction lines may be preferred oWing to 
ease of design and minimiZation of signal re?ections at 
conduction line discontinuities (e.g., corners). Serpentine, 
curved, Zig-Zagged, etc. conduction lines are also accept 
able. Further, care may be taken to maintain a minimum 
spacing (dictated by each particular system) betWeen neigh 
boring PCB conduction line lengths in order to minimiZe 
cross-talk and/or stray capacitances betWeen lines. 

Occasionally, there Will be an implementation Where 
adding of PCB conduction line length as a phase delay 
synchroniZation arrangement is not possible or desirable 
(e.g., due to extreme space limitations on the PCB). FIGS. 
6 and 7 illustrate other example arrangements Where induc 
tors or capacitors can be used together With PCB conduction 
line length as a phase delay synchroniZation arrangement of 
the present invention. More speci?cally, FIG. 6 illustrates an 
example PCB 600 similar in construction and discussion to 
the FIG. 5 PCB 500, With the exception that an inductor 604 
in series With conduction line length is utiliZed as a phase 
delay synchroniZation arrangement 490“, i.e., the inductor/ 
conduction-line series connection is appropriately selected 
in value/length to provide the necessary delay to match 
signal propagation timing betWeen the driving/receiving 
circuit pair. Similarly, FIG. 7 illustrates an example PCB 700 
similar in construction and discussion to the FIG. 5 PCB 
500, With the exception that a capacitor 704 in parallel With 
a conduction line is utiliZed as a phase delay synchroniZation 
arrangement 490‘", i.e., the capacitor/conduction-line paral 
lel connection is appropriately selected in value/length to 
provide the necessary delay to match signal propagation 
timing (phase delay synchroniZation) betWeen the driving/ 
receiving circuit pair. While the FIGS. 6—7 arrangements 
provide the advantage of shorter conduction line length, 
such FIGS. 6—7 arrangements require additional time and 
manufacturing costs to add the additional inductors and 
capacitors to the PCBs. HoWever, a loW poWer advantage is 
maintained since all of the PCB conduction line lengths, 
inductors and capacitors used as a phase delay synchroni 
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6 
Zation arrangement are passive components themselves 
requiring no separate poWer, clocking or sWitching connec 
tions. 

FIG. 8 is another example embodiment including an 
alternative phase delay synchroniZation arrangement having 
a single ?oW-through latch. More speci?cally, FIG. 8 illus 
trates an example system 800 similar in construction and 
discussion to the FIG. 4 system 400, With the exception that 
an overall phase delay synchroniZation arrangement 892 
includes not only a passive phase delay synchroniZation 
arrangement 490, but further includes a ?oW-through latch 
894 receiving a common clock signal CLK along the clock 
line 440. The ?oW-through latch 894 is advantageous in that 
upon high levels of the clock signal CLK, a signal at a latch 
input terminal D is alloWed to How through to the latch 
output terminal Q, thus alloWing the line betWeen the latch 
894 and receiving circuit 130 to immediately begin to 
precharge before latching. Upon occurrence of a loW level of 
the clock signal CLK, the latch 894 latches and holds the 
signal at an output thereof. 

Such arrangement is advantageous in that it eases design 
of the passive phase delay synchroniZation arrangement 490. 
More speci?cally, although the passive phase delay synchro 
niZation arrangement 490 provides a majority or mainstay of 
the phase delay synchroniZation, the latch 894 can alloW 
some range of free-play in the exact amount of phase delay 
provided by passive phase delay synchroniZation arrange 
ment 490. That is, Without the latch 894, signal management 
is more dif?cult in that the passive phase delay synchroni 
Zation arrangement 490 must be designed to provide nec 
essary delay Within a narroW range to match signal propa 
gation timing betWeen the driving/receiving circuit pair, i.e., 
must cause a WindoW of availability of the propagated 
output signal at the receiving circuit 130’s input to match a 
predetermined setup time WindoW required by the receiving 
circuit 130. For example, referencing FIG. 2, Without the 
latch 894, the passive phase delay synchroniZation arrange 
ment 490 must be designed to cause the propagated output 
signal to arrive at the input to the receiving circuit 130 at 
substantially 19 ns. With the latch 894, signal management 
becomes easier in that the passive phase delay synchroni 
Zation arrangement 490 can be more loosely designed to 
alloW the propagated output signal to arrive earlier (e.g., at 
17 ns) since the latch 894 Will latch and hold such propa 
gated output signal to effectively stretch a WindoW of 
availability of the output signal at the receiving circuit 130’s 
input. 
As a second advantage, such latch 894 and its stretching 

of a WindoW of availability of the output signal can be used 
to achieve long data holding to meet the timing requirements 
of receiving circuits requiring a long set-up time. 
Accordingly, signal management again becomes easier. As a 
third advantage, the latch 894 may act as a repeater to 
effectively reneW the strength of any output signal Which has 
propagated along a very long conduction line and undergone 
signal strength deterioration oWing to inherent resistances 
and/or impedances along the long conduction line. 

FIG. 9 is another example embodiment including yet 
another example phase delay synchroniZation arrangement 
having dual opposing ?oW-through latches. More 
speci?cally, FIG. 9 illustrates a system 900 similar in 
construction and discussion to the FIG. 8 system 800, With 
several exceptions. First, the system 900 contains an 
example illustration of an application speci?c integrated 
circuit (ASIC) and/or data interface buffer (DIB) acting as 
both a transmitting/receiving circuit 110‘, and a dynamic 
random access memory (DRAM) or dual in-line memory 



US 6,335,955 B1 
7 

module (DIMM) acting as both a receiving/transmitting 
circuit 130‘. More speci?cally, the ASIC/DIB side of the 
latches 994, 996 may represent a system-side of the latches, 
Whereas the DRAM/DIMM side may represent a memory 
side of the latches. Second, an overall phase delay synchro 
niZation arrangement 992‘ may include not only a passive 
phase delay synchroniZation arrangement 490, but may 
further include an example ?oW-through Write latch 994 and 
an example ?oW-through read latch 996, i.e., the system 900 
transmits signals bi-directionally, With the latches 994 and 
996 receiving a common clock signal CLK. The FIG. 9 
?oW-through Write latch 994 may operate in the same 
manner as discussed for the FIG. 8 ?oW-through latch 894, 
With FIG. 10 representing an example truth table for such 
?oW-through Write latch 994. 
More speci?cally, detailing FIG. 10, during a high level 

(i.e., “1”) clock signal at a latch input terminal LE, Whatever 
signal (e.g., “0” or “1”) is present at the latch input (system 
side) terminal D is alloWed to propagate through to the latch 
output terminal Q of the ?oW-through Write latch 994, 
throughout the high level (i.e., “1”) clock signal. In contrast, 
upon occurrence of a loW level (i.e., “0”) clock signal at a 
latch input terminal LE, Whatever signal (e.g., “D—”) Which 
Was present at the latch input terminal D immediately prior 
to the loW level (i.e., “0”) clock signal is latched and held 
upon the latch output terminal Q throughout the loW level 
(i.e., “0”) clock signal. The FIG. 10 ?oW-through read latch 
996 Works in opposition to the FIG. 10 ?oW-through Write 
latch 994, i.e., during a loW level (i.e., “0”) clock signal at 
a latch 996’s input terminal LE, Whatever signal (e.g., “0” or 
“1”) is present at the latch input (i.e., memory-side) terminal 
D is alloWed to propagate through to the latch output (i.e., 
system-side) terminal Q of the ?oW-through read latch 996, 
throughout the loW level (i.e., “0”) clock signal. In contrast, 
upon occurrence of a high level (i.e., “1”) clock signal at a 
latch 996’s input terminal LE, Whatever signal (e.g., “D—”) 
Which Was present at the latch input terminal D immediately 
prior to the high level (i.e., “1”) clock signal is latched and 
held upon the latch output terminal Q throughout the high 
level (i.e., “1”) clock signal. 

FIGS. 11—12 are example clock and signal timing dia 
grams used for explanation of a ?oW-through latched read 
operation of the FIG. 9 embodiment, and/or for comparison 
With a disadvantageous registered arrangement. More 
speci?cally, at a time t=0 (FIG. 12), the DRAM 130‘ begins 
a read out operation. After a short time designated by 
DRAMtCkO (i.e., time to clock out) in FIG. 12, an initially 
inde?nite and then settled data “0” appears onto the DRAM 
130‘ output terminal. Such data “0” propagates along a trace 
conduction line to arrive at ?oW-through read latch 996’s 
memory-side terminals after a time designated by TRACE 
DLY M (i.e., memory side trace delay). Since the common 
clock signal CLK is at a loW level at such time, and because 
the ?oW-through read latch 996 provides data How through 
the latch 996 during clock loW levels, the data “0” propa 
gates through the ?oW-through read latch 996, and appears 
at the latch 996’s system-side terminals after a short time 
designated by LATCHtPd (i.e., time propagation delay). Such 
data “0” propagates along and begins precharging system 
side trace conduction line to arrive at the DIB 110’s input 
terminal after a time designated by TRACE DLY M (i.e., 
system side trace delay). Such data “0” thus is available and 
is inputted by the DIB 110‘ at the time indicated by the FIG. 
12 vertical line designated DIBM (i.e., set-up time). 

The use of a ?oW-through latch is one important and 
advantageous feature of this embodiment of the invention. 
More particularly, as mentioned earlier, by utiliZing a ?oW 
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8 
through latch, data is alloWed to immediately ?oW through 
the latch so as to immediately begin to precharge the line 
onto Which the data is outputted. Such early precharge is 
shoWn Within the FIG. 12 circled area 1202. In comparison, 
if a registered (e.g., edge-triggered) arrangement Were used 
instead to a ?oW-through latch, early precharging Would not 
occur as can be seen by a comparison of the FIG. 11 (timing 
diagram for a registered arrangement) circled area 1102 With 
the FIG. 12 circled area 1202. Since the FIG. 11 registered 
arrangement outputs data “0” from the register later than 
FIG. 12’s latch output data “0”, such FIG. 11 output data “0” 
arrives at the DIB input terminals later that the FIG. 12 
output data “0”. Accordingly, by comparing the FIG. 11 
circled area 1104 With the FIG. 12 circled area 1204, it can 
be seen that the FIG. 11 data “0” is not suf?ciently stable to 
be inputted by the DIB 110‘ at the time indicated by the FIG. 
11 vertical line designated DIBM (i.e., set-up time), Whereas 
the FIG. 12 data “0” is. By the above, it can be seen that the 
?oW-through latched embodiment is advantageous over a 
registered embodiment, in that quicker data output reads can 
be achieved. The FIG. 9’s ?oW-through Write latch 994 
likeWise facilitates early precharge and further discussion 
thereof is omitted for sake of brevity. 

FIG. 13 is another example embodiment including an 
alternative phase delay synchroniZation arrangement having 
a driver. More speci?cally, FIG. 13 illustrates a system 1300 
similar in construction and discussion to the FIG. 4 system 
400, With the exception that an overall phase delay synchro 
niZation arrangement 1392 includes not only a passive phase 
delay synchroniZation arrangement 490, but further includes 
a driver 1394. The driver 1394 can advantageously act as a 
repeater to effectively reneW the strength of any output 
signal Which has propagated along a very long conduction 
line and undergone signal strength deterioration oWing to 
inherent resistances and/or impedances along the long con 
duction line. Disadvantageously, the system 1300 increases 
manufacturing time, costs and complexity, in that further 
components, i.e., drivers, have to be added, and such com 
ponents are active components requiring additional poWer/ 
ground connections and poWer. While the driver 1394 does 
provide some delay, the passive phase delay synchroniZation 
arrangement 490 provides a majority or mainstay of the 
phase delay synchroniZation. FIG. 14 is an example printed 
circuit layout of the FIG. 13 embodiment (like that of FIG. 
5), With the driver 1394 being illustrated as being provided 
via an IC package. 

FIG. 15 is yet another example embodiment including an 
alternative phase delay synchroniZation arrangement having 
a programmable delay line IC. More speci?cally, FIG. 15 
illustrates a system 1500 similar in construction and discus 
sion to the FIG. 4 system 400, With the exception that an 
overall phase delay synchroniZation arrangement 1592 
includes not only a passive phase delay synchroniZation 
arrangement 490, but further includes a programmable delay 
line IC 1594. The programmable delay line IC 1594 can 
advantageously ease design of the passive phase delay 
synchroniZation arrangement 490, by constructing the pas 
sive phase delay synchroniZation arrangement 490 to have 
any of a predetermined range of delay values (e.g., 13—19 
ns), and then programmable using the delay line IC 1594 to 
minorly adjust the overall phase delay synchroniZation 
value. Such again is advantageous in easing design and 
signal managability. More speci?cally, although the passive 
phase delay synchroniZation arrangement 490 provides a 
majority or mainstay of the phase delay synchroniZation, the 
programmable delay line IC 1594 can alloW some range of 
free-play in the exact amount of phase delay provided by 
passive phase delay synchroniZation arrangement 490. 
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For example, With the FIG. 4 embodiment not having a 
programmable delay line IC 1694, the passive phase delay 
synchronization arrangement 490 may have to be precisely 
designed to cause the propagated output signal to arrive at 
the input to the receiving circuit 130 at substantially 19 ns 
(i.e., With the eXample timing diagram of FIG. 2). With the 
programmable delay line IC 1594, the passive phase delay 
synchroniZation arrangement 490 may be more loosely 
designed to alloW the propagated output signal to arrive 
earlier (e.g., at 17 ns) since the programmable delay line IC 
can be programmed to provide a remaining amount of phase 
delay synchroniZation for driving/receiving circuit match 
ing. 

Disadvantageously, the system 1500 increases manufac 
turing time, costs and complexity, in that further 
components, i.e., programmable delay line ICs, have to be 
added, and then testing and programming of the delay line 
arrangements must be made. While the programmable delay 
line IC 1594 does provide some delay, the passive phase 
delay synchroniZation arrangement 490 provides a majority 
or mainstay of the phase delay synchroniZation. FIG. 14 can 
again be used as an eXample printed circuit layout of the 
FIG. 15 embodiment (like that of FIG. 13), With the pro 
grammable delay line IC 1594 being illustrated as being 
provided via the IC package. 

This concludes the description of the eXample embodi 
ments. Although the present invention has been described 
With reference to a number of illustrative embodiments 
thereof, it should be understood that numerous other modi 
?cations and embodiments can be devised by those skilled 
in the art that Will fall Within the spirit and scope of the 
principles of this invention. More particularly, reasonable 
variations and modi?cations are possible in the component 
parts and/or arrangements of the subject combination 
arrangement Within the scope of the foregoing disclosure, 
the draWings and the appended claims Without departing 
from the spirit of the invention. In addition to variations and 
modi?cations in the component parts and/or arrangements, 
alternative uses Will also be apparent to those skilled in the 
art. 
What is claimed is: 
1. A circuit connection comprising: 
a phase delay synchroniZer adapted to connect tWo digital 

circuits and provide phase delay synchroniZation 
betWeen said digital circuits in order to make a propa 
gating output signal from a transmitting one of said 
digital circuits meet a predetermined valid data input 
timing requirement of a receiving one of said digital 
circuits, said phase delay synchroniZer comprising a 
conduction line adapted to provide a majority of delay 
of said phase delay synchroniZer. 

2. Acircuit connection as claimed in claim 1, Wherein said 
delay is provided entirely by said conduction line. 

3. A circuit connection comprising: 
a phase delay synchroniZer adapted to connect tWo digital 

circuits and provide phase delay synchroniZation 
betWeen said digital circuits in order to make a propa 
gating output signal from a transmitting one of said 
digital circuits meet a predetermined valid data input 
timing requirement of a receiving one of said digital 
circuits, Wherein delay is provided substantially by at 
least one passive delay element; 

Wherein said phase delay synchroniZer further includes a 
latch arrangement providing minority delay in com 
parison With said delay provided by said at least one 
passive delay element, said latch arrangement being 
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adapted to performing at least one of: redriving a 
received signal in order to reneW such signal; and, 
latching and outputting said signal for at least a pre 
determined time so as to meet a predetermined input 
timing requirement of a receiving digital circuit. 

4. Acircuit connection as claimed in claim 3, Wherein said 
latch arrangement more speci?cally is a level-sensitive latch 
to normally alloW said signal to propagate therethrough, and 
to latch and hold an outputting of said signal upon occur 
rence of a predetermined level. 

5. Acircuit connection as claimed in claim 4, Wherein said 
level-sensitive latch arrangement normally alloWs said sig 
nal to propagate therethrough and to redrive said signal, in 
order to precharge a portion of said circuit connection 
receiving said signal during a time prior to the latching and 
holding of said signal. 

6. A circuit connection comprising: 
a phase delay synchroniZer adapted to connect tWo digital 

circuits and provide phase delay synchroniZation 
betWeen said digital circuits in order to make a propa 
gating output signal from a transmitting one of said 
digital circuits meet a predetermined valid data input 
timing requirement of a receiving one of said digital 
circuits, Wherein delay is provided substantially by at 
least one passive delay element; 

Wherein said phase delay synchroniZer further includes a 
driver arrangement providing minority delay in com 
parison With said delay provided by said at least one 
passive delay element, said driver arrangement to red 
rive a received signal in order to reneW such signal. 

7. A circuit connection comprising: 
a phase delay synchroniZer adapted to connect tWo digital 

circuits and provide phase delay synchroniZation 
betWeen said digital circuits in order to make a propa 
gating output signal from a transmitting one of said 
digital circuits meet a predetermined valid data input 
timing requirement of a receiving one of said digital 
circuits, Wherein delay is provided substantially by at 
least one passive delay element; 

Wherein said phase delay synchroniZer further includes a 
programmable delay line providing minority delay in 
comparison With said delay provided by said at least 
one passive delay element, said delay line providing 
selectable adjustment of a total delay provided by said 
phase delay synchroniZer via a plurality of selectable 
delays. 

8. Acircuit connection as claimed in claim 1, Wherein said 
conduction line is more speci?cally a printed circuit trace 
line on a printed circuit board, and said phase delay syn 
chroniZer further comprises at least one of: an inductor in 
series With said printed circuit trace line to provide addi 
tional delay to said phase delay synchroniZer; and a capaci 
tor shunting said printed circuit trace line to provide addi 
tional delay to said phase delay synchroniZer. 

9. A circuit connection comprising: 
phase delay synchroniZer means for connecting tWo digi 

tal circuits and for providing phase delay synchroniZa 
tion betWeen said digital circuits in order to make a 
propagating output signal from a transmitting one of 
said digital circuits meet a predetermined valid data 
input timing requirement of a receiving one of said 
digital circuits, said phase delay synchroniZer means 
comprising a conduction line means for providing a 
majority of delay of said phase delay synchroniZer 
means. 

10. A circuit connection as claimed in claim 9, Wherein 
said delay is more speci?cally provided entirely by said 
conduction line means. 



said latch means more speci?cally is a level-sensitive latch 
means for normally allowing said signal to propagate 
therethrough, and for latching and holding an outputting of 
said signal upon occurrence of a predetermined level. 

said level-sensitive latch means is more speci?cally for 
normally alloWing said signal to propagate therethrough and 
to redrive said signal, in order to precharge a portion of said 
circuit connection receiving said signal during a time prior 
to the latching and holding of said signal. 
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11. A circuit connection comprising: 
phase delay synchroniZer means for connecting tWo digi 

tal circuits and for providing phase delay synchroniZa 
tion betWeen said digital circuits in order to make a 
propagating output signal from a transmitting one of 5 
said digital circuits meet a predetermined valid data 
input timing requirement of a receiving one of said 
digital circuits, Wherein delay is provided substantially 
by at least one passive delay elements means; 

Wherein said phase delay synchroniZer means further 
includes a latch means providing minority delay in 
comparison With said delay provided by said at least 
one passive delay element, said latch means for per 
forming at least one of: redriving a received signal in 
order to reneW such signal; and, latching and outputting 
said signal for at least a predetermined time so as to 
meet a predetermined input timing requirement of a 
receiving digital circuit. 

12. A circuit connection as claimed in claim 11, Wherein 

15 

13. A circuit connection as claimed in claim 12, Wherein 

25 

14. A circuit connection comprising: 
phase delay synchroniZer means for connecting tWo digi 

tal circuits and for providing phase delay synchroniZa 
tion betWeen said digital circuits in order to make a 
propagating output signal from a transmitting one of 
said digital circuits meet a predetermined valid data 
input timing requirement of a receiving one of said 
digital circuits, Wherein delay is provided substantially 
by at least one passive delay elements means; 

Wherein said phase delay synchroniZer means further 
includes a driver means for providing minority delay in 
comparison With said delay provided by said at least 
one passive delay element, said driver means for redriv 
ing a received signal in order to reneW such signal. 

15. A circuit connection comprising: 
phase delay synchroniZer means for connecting tWo digi 

tal circuits and for providing phase delay synchroniZa 
tion betWeen said digital circuits in order to make a 
propagating output signal from a transmitting one of 
said digital circuits meet a predetermined valid data 
input timing requirement of a receiving one of said 
digital circuits, Wherein delay is provided substantially 
by at least one passive delay elements means; 

Wherein said phase delay synchroniZer means further 
includes a programmable delay line means for provid 
ing minority delay in comparison With said delay 
provided by said at least one passive delay element, 
said delay line means for providing selectable adjust 
ment of a total delay provided by said phase delay 
synchroniZer means via a plurality of selectable delays. 

16. A circuit connection as claimed in claim 9, Wherein 

35 

45 
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said conduction line means is more speci?cally a printed 
circuit trace line on a printed circuit board, and said phase 
delay synchroniZer means further comprises at least one of: 
an inductor in series With said printed circuit trace line to 
provide further delay to said phase delay synchroniZer; and 
a capacitor shunting said printed circuit trace line to provide 
further delay to said phase delay synchroniZer. 
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17. A digital system comprising: 
a ?rst circuit adapted to operate as at least one of a 

transmitting circuit and a receiving circuit; 
a second circuit adapted to operate as at least one of a 

transmitting circuit and a receiving circuit; and, 
a phase delay synchroniZer connection adapted to connect 

said ?rst circuit and said second circuit and provide 
phase delay synchroniZation betWeen said ?rst circuit 
and said second circuit in order to make a propagating 
output signal from a transmitting one of said ?rst and 
second circuits meet a predetermined valid data input 
timing requirement of a receiving one of said ?rst and 
second circuits, said phase delay synchroniZer com 
prising a conduction line to provide a majority of delay 
of said phase delay synchroniZer. 

18. A system as claimed in claim 17, Wherein said delay 
is provided entirely by said conduction line. 

19. A digital system comprising: 
a ?rst circuit adapted to operate as at least one of a 

transmitting circuit and a receiving circuit; 
a second circuit adapted to operate as at least one of a 

transmitting circuit and a receiving circuit; and, 
a phase delay synchroniZer connection adapted to connect 

said ?rst circuit and said second circuit and provide 
phase delay synchroniZation betWeen said ?rst circuit 
and said second circuit in order to make a propagating 
output signal from a transmitting one of said ?rst and 
second circuits meet a predetermined valid data input 
timing requirement of a receiving one of said ?rst and 
second circuits, Wherein delay is provided substantially 
by passive delay elements; 

Wherein said phase delay synchroniZer connection further 
includes a latch arrangement providing minority delay 
in comparison With said delay provided by said at least 
one passive delay element, said latch arrangement 
being adapted to perform at least one of: redriving a 
received signal in order to reneW such signal; and, 
latching and outputting said signal for at least a pre 
determined time so as to meet a predetermined input 
timing requirement of a receiving digital circuit. 

20. A system as claimed in claim 19, Wherein said latch 
arrangement more speci?cally is a level-sensitive latch 
arrangement adapted to normally alloW said signal to propa 
gate therethrough, and to latch and hold an outputting of said 
signal upon occurrence of a predetermined level. 

21. A system as claimed in claim 20, Wherein said 
level-sensitive latch arrangement is more speci?cally 
adapted to normally alloW said signal to propagate there 
through and to redrive said signal, in order to precharge a 
portion of said phase delay synchroniZer connection receiv 
ing said signal during a time prior to the latching and holding 
of said signal. 

22. A digital system comprising: 
a ?rst circuit adapted to operate as at least one of a 

transmitting circuit and a receiving circuit; 
a second circuit adapted to operate as at least one of a 

transmitting circuit and a receiving circuit; and, 
a phase delay synchroniZer connection adapted to connect 

said ?rst circuit and said second circuit and provide 
phase delay synchroniZation betWeen said ?rst circuit 
and said second circuit in order to make a propagating 
output signal from a transmitting one of said ?rst and 
second circuits meet a predetermined valid data input 
timing requirement of a receiving one of said ?rst and 
second circuits, Wherein delay is provided substantially 
by passive delay elements; 
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wherein said phase delay synchroniZer connection further 
includes a driver arrangement providing minority delay 
in comparison With said delay provided by said at least 
one passive delay element, said driver arrangement 
being adapted to redrive a received signal in order to 
reneW such signal. 

23. A digital system comprising: 
a ?rst circuit adapted to operate as at least one of a 

transmitting circuit and a receiving circuit; 
a second circuit adapted to operate as at least one of a 

transmitting circuit and a receiving circuit; and, 
a phase delay synchroniZer connection adapted to connect 

said ?rst circuit and said second circuit and provide 
phase delay synchroniZation betWeen said ?rst circuit 
and said second circuit in order to make a propagating 
output signal from a transmitting one of said ?rst and 
second circuits meet a predetermined valid data input 
timing requirement of a receiving one of said ?rst and 
second circuits, Wherein delay is provided substantially 
by passive delay elements; 

Wherein said phase delay synchroniZer connection further 
includes a programmable delay line providing minority 
delay in comparison With said delay provided by said at 
least one passive delay element, said delay line being 
adapted to provide selectable adjustment of a total 
delay provided by said phase delay synchroniZer con 
nection via a plurality of selectable delays. 

24. A digital system comprising: 
a ?rst circuit adapted to operate as at least one of a 

transmitting circuit and a receiving circuit; 
a second circuit adapted to operate as at least one of a 

transmitting circuit and a receiving circuit; and, 
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a phase delay synchroniZer connection adapted to connect 

said ?rst circuit and said second circuit and provide 
phase delay synchroniZation betWeen said ?rst circuit 
and said second circuit in order to make a propagating 
output signal from a transmitting one of said ?rst and 
second circuits meet a predetermined valid data input 
timing requirement of a receiving one of said ?rst and 
second circuits, Wherein delay is provided substantially 
by passive delay elements; 

Wherein said passive delay element is more speci?cally at 
least one of: a printed circuit trace line on a printed 
circuit board; an inductor in series With said printed 
circuit trace line; and, a capacitor shunting said printed 
circuit trace line. 

25. A system as claimed in claim 17, Wherein said ?rst 
circuit and said second circuit are integrated circuits (ICs). 

26. A method of connecting tWo digital circuits, said 
method comprising the steps of: 

providing a ?rst circuit adapted to operate as at least one 
of a transmitting circuit and a receiving circuit; 

providing a second circuit adapted to operate as at least 
one of a transmitting circuit and a receiving circuit; 
and, 

adjusting a phase delay synchroniZation of a connection 
betWeen said ?rst circuit and said second circuit so as 
to match a phase delay timing of signals transmitted/ 
received betWeen said ?rst circuit and said second 
circuit, said adjusting Wherein delay is provided sub 
stantially by passive delay elements, said phase delay 
synchroniZer comprising a conduction line to provide a 
majority of delay of said phase delay synchroniZer. 


